The metastable extended solid solubilities of the transition metals Ti, Zr, Hf, W, Re, Ru and Rh in gold have been studied by measuring the lattice parameters of their gold-rich solid solutions using X-ray diffraction. The cooling rate used for the preparation of the alloys was about 10 6 K/s. It was found that the metastable solid solubilities of Ti, Zr and Hf in gold were 18.2, 13.0, and 13.4 at% respectively, but that those of W, Re, Ru, and Rh in gold were negligible. It is concluded that metastable extension of the solid solubilities of transition metals in gold is relative to the nature of the phase diagrams of their alloys with gold. Under conditions of rapid solidification, the alloys with upper-peritectic-type phase diagrams had significant solid solubility extensions and the alloys with monotectic-type phase diagrams displayed little solid solubility extension. Mechanical alloying may be more effective in producing metastable solid solutions of these alloys.
In a preceding article (1), the authors reported upon studies of the metastable extension of the solid solubilities of rare earth (RE) metals in gold. It was found that the metastable solid solubilities of Ce, Sm, Gd, Dy, Er, Yb, and Y in gold were 0.3, 0.4, 1.5, 9.0, 13, 13.4, and 10 at% respectively, and that the solid solubilities of rare earth metals in gold increased with decreasing relative difference of atomic radius between the RE metal and gold. From a comparison of the extended solid solubilities of rare earth metals in gold, silver, and copper, it was concluded that the relatively large solid solubility in gold could be explained in terms of electron transfer from the RE atoms to gold atoms. Under the conditions of rapid solidification, the Au-RE alloys tended to form amorphous alloys more readily than did the Ag-RE alloys.
In this paper, the metastable extension of solid solubility of transition metals M (M = Ti, Zr, Hf, W, Re, Ru, Rh) in gold by rapid solidification is described.
EXPERIMENTAL
The alloys used were prepared from high (99.999%) purity gold and pure (99.9%) transition metals (Ti, Zr, Hf, W, Re, Ru, Rh), by melting together of their components using a high frequency induction current.
A small piece of alloy was re-melted and made into thin foil of thickness 0.03-0.05 mm using an arcmelting hammer-anvil installation. The cooling rate for the rapid solidification was of the order of 10 6 K/s. The metastable extension of solid solubility in gold was determined by measuring the lattice parameters of gold-rich solid solutions of the rapidly solidified alloys. The same procedures are more fully described in our previous paper (1) .
RESULTS AND DISCUSSION
The dependence of the lattice parameters of the gold-rich solid solutions on their transition metal concentrations in rapidly solidified alloys (M = Ti, Zr, Hf) is shown in Figure 1 . Under rapid solidification conditions, the extended solid solubilities of Ti, Zr, and Hf in gold were 18.2, 13.0, and 13.4 at% respectively. In contrast, the lattice parameters of gold-rich solid solutions did not change significantly with the increasing of the transition metal concentration in Au-W, Au-Re, Au-Ru, and Au-Rh alloys. The results indicated that the extension of solid solubilities of W, Re, Ru, or Rh in gold by rapid solidification were negligible, and it was therefore difficult to precisely determine the extended solid solubility by measuring the lattice parameters.
The metastable extension of the solid solubilities of the transition metals Ti, Zr, Hf, W, Re, Ru, and Rh in gold could be related to the binary phase diagram characteristics of the respective alloys. The parameters and phase diagram characteristics of gold and the transition metals used here are listed in Table 1 .
The results of X-ray diffraction measurements indicated that intermetallic compounds Au 4 M (M = Ti, Zr, Hf ) appeared when alloy composition went beyond the metastable solid solubility in Au-Ti, Au-Zr, and Au-Hf alloys. In the equilibrium state, the first gold-rich compound implied by the phase diagram for the Au-Hf alloys is Au 5 Hf, but under the rapid solidification conditions the formation of the Au 4 Hf compound became more favoured, and growth of the Au 5 Hf compound was restrained.
The atomic radius of Ti (0.1448nm) is slightly larger than that of Au (0.1442nm) (3) . Under normal conditions the lattice parameter of the gold-rich solid solution should therefore increase when titanium is alloyed with it; but our measurements indicated that the addition of titanium to gold decreased the lattice parameter of the gold-rich solid solution. This may be related to electron transfer between the solute and solvent atoms when Ti is alloyed with gold. The same results were obtained during studies on the Au-Ti equilibrium phase diagram (4) .
The phase diagrams for Au-Ti, Au-Hf and Au-Zr are of the peritectic type. The melting points of the gold-rich solid solutions increased as the solute concentration increased. This type of phase diagram is called 'upper-peritectic'. We have previously pointed out (5) that the alloys with upper peritectic phase diagrams could display significant metastable extension of solid solubility on rapid solidification. The Au-W and Au-Re alloys have simple eutectic type phase diagrams. The eutectic temperatures are very close to the melting point of gold, and the eutectic compositions approach pure gold. For example the eutectic composition for the Au-W alloy contains 0.137 at% W. The Au-Ru and Au-Rh alloy systems have monotectic types of phase diagrams. The differences in the melting points between the solute metals and the gold solvent are very large, and no intermetallic compounds form. This indicates that the mixing enthalpy for gold with these transition metals is large and positive and that there is a strongly exclusive effect between the solvent and solute atoms, which is unfavourable to the formation of solid solutions. Extension of the solid solubility is therefore scarcely to be expected under rapid solidification conditions. The technique of mechanical alloying may be more There is a relationship between the metastable extended solid solubility behaviour and the characteristics of the phase diagrams of gold and the transition metals. The phase diagrams of Au-Ti, Au-Zr, and Au-Hf alloy systems are upper-peritectic in character and the solid solutions of these alloys can obviously be extended by rapid solidification. The phase diagrams of Au-W, Au-Re, Au-Ru, and Au-Rh alloy systems are simple eutectic or monotectic in character, and the mixing enthalpy of their constituents is very large and positive, and the formation of solid solutions of these alloys is therefore restricted even under conditions of rapid solidification. The use of mechanical alloying procedures may be more favourable for obtaining metastable solid solutions of these alloys.
